To determine the relative importance of infection and predisposition in the genesis of tubercular lesions is a matter of such interest to all concerned in public-health problems that I have taken this opportunity of laying before the Section some results which, although not in themselves decisive, may provoke discussion among those qualified to advance our knowledge.
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To determine the relative importance of infection and predisposition in the genesis of tubercular lesions is a matter of such interest to all concerned in public-health problems that I have taken this opportunity of laying before the Section some results which, although not in themselves decisive, may provoke discussion among those qualified to advance our knowledge.
In a recent memoir [16] the late Dr. Pope and Professor Karl Pearson have published analyses which tended to show that there is evidence that the concurrent existence of pulmonary tuberculosis in husband and wife cannot be explained wholely by the fact of assortative mating in the community. Yet the values of the statistical constants obtained indicated unusually great exposure to the chance of infection to be of less genetic importance than the existence of a predisposition to react unfavourably to those means of contamination which cannot under ordinary circumstances be avoided. Among the rich material analysed by Pope and Pearson were some sets of the sanatorium figures published by the Kaiserliches Gesundheitsamt; since Pope and Pearson's memoir was written the eighth part of the " Tuberkulose Arbeiten" [21] has appeared, and contains the statistical data of other sanatoria, together with a summary of previous work. It seemed to me desirable to reduce the further data and to see how far the constants obtained tallied with those published by Pope and Pearson. Table I contains the correlation coefficients calculated for each sanatorium not dealt with by Pope and Pearson, together with those obtained when all the patients in the public sanatoria were grouped together. I determined the coefficients by the approximate method (Q5) [14] , but some of the more striking values were recalculated by the exact fourfold process, and I find, in agreement with Brownlees, Elderton and Pearson [14] , that the approximation is quite sufficiently accurate for material of this kind, when the values of h and k are not large. Thus, the Gorbersdorf female cases gave for A by the true fourfold method 062 as against 060 by the approximation, and the total males, A and B, gave 010 and 022 as against 011 and 023. ' From the London Hospital Statistical Laboratory.
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The " Tuberkulose Arbeiten" classify the affected parents of sanatorium inmates into " probably" and " certainly" tuberculous, and I have calculated r5 with three groupings of the material in each case, viz.: (A) The probably tuberculous are grouped with the certainly tuberculous. (B) The probably tuberculous are grouped with the notaffected. (C) The probably tuberculous are excluded. 0-60 0-26 0-08 I The values given under A were obtained when the " probably " tuberculous were grouped with those " certainly " affected; under B are the values yielded on grouping the "probably" affected with the not-affected; and under C the values got on excluding the "probably" affected altogether. most striking figures are derived from sanatoria in which one or illore of the groups contained few cases. A good illustration is Albrechtshaus, which gives the paradoxical value of -052. As a matter of fact, there is only one pair both members of which are described as tuberculous, and the probable error of this return is ± 067, so that we can evidently attach no importance to the coefficients. In the second place, apart from the very important question of the large probable errors of the sub-groups, an examination of the age distributions of the inmates and their scheduled trades in the different institutions suggests that although in the main the patients come from the same social stratum and are of conmparable ages, yet that there mnay be some individuality in the institutions. I have not, however, been able to extract sufficient information from the statistics, which were not of course collected ad hIoc, to warrant any definite conclusion, and regard the point as of secondary importance. When we turn to the coefficients under Table I (4) the figures are in miiuch better accord and agree well with the value obtained by Pearson from a table comiiprising the whole of Pope's data (consisting of 41,786 cases), viz., 017 [16, p. 17] . The question now arises as to how we can deduce from these results a real measure of the degree of infection between husband and wife. The coefficients as they stand do not provide this measure, since they are obtained from a highly selected population, each family including at least one tuberculous child. If we know definitely that there is no such thing as hereditary predisposition the fact of such selection would not be of so much importance, althoug,h even in that case we should have to remember the possibility that the parents might be infected by the children. If, on the other hand, some degree of inheritance be allowed, the importance of the non-random character of the sample is great.
Pearson, by the help of a beautiful analysis which should be closely studied by all interested in exact statistical imiethods [16, p. 17] , has shown how to deduce the coefficient of correlation for the general case, given three qpwsita: (1) The correlation for the selected population;
(2) the correlation between parents and offspring; (3) the prevalence of phthisis in the whole population. It is, I think, a matter of extreme difficulty to select appropriate arithmetical values for each of these conditions. TJnder (1) ought we to use the A, B or C coefficient? The agreeinent between B and C is close, but either gives values much in excess ,of A. Since we have no means of determining what really constitutes a " probably" tuberculous subject, we cannot say what error is introduced by grouping such a person as definitely affected. I think, however, that the agreement of. B and C suggests that the difficulty is not really avoided by excluding the doubtful cases altogether, and that, in so doing, we are really carrying out an illegitimate process of selection.
With respect to (2), we have the very definite results of Pearson [15], based upon relatively few but well-authenticated figures. How far, however, the coefficients he obtained measure true inheritance, and how far infection from parent to children, must be discussed later; for the moment it is sufficient to recognize the existence of a measurable relationship between parent and child in respect of the character of having the disease, a relationship measured by a coefficient which cannot fall much below 0 45 and may rise to over 0'62, in accordance with the condition we assume. I believe (3) represents the crux of the immediate problem. In the absence of general compulsory notification of phthisis, an urgently needed reform, our estimates of the prevalence of tubercular disease in the population at large must be extremely uncertain. Pearson [15 and 16] is of opinion that not far short of 10 per cent. of the whole population of these islands are affected by pulmonary tuberculosis, and goes so far as to suggest that in Germany the proportion may be still higher. Our President [ 12, p. 63 and p. 101], as the result of a careful study of the available evidence, is of opinion that estimates based on the mortality figures exaggerate the actual prevalence. As he points out, however, the figures he publishes depend on the truth of hypotheses which are not definitely established. I have not been able to find anything with a decisive bearing on the question. The statistics of the Krankenkassen ought, one might think, to solve the problem, but it is impossible to determine accurately the age distribution of members, and furthermore the classification of diseases in various towns is not uniform and the individual figures differ enormously. I quote the following table from Prinzing's work; he specifically mentions that at Vienna "ist Tuberkulose uiberhaupt mit Einschluss von Skrofulose gemeint." Unsatisfactory as are these figures and such others as I have seen, I cannot help thinking that 10 per cent. is in excess of the real prevalence of pulmonary tuberculosis, and that even 1 per cent. may be too high.' I am at present attempting to evade the difficulty by collecting all the data relating to the parents of adults or to adults more than 60 years of age admitted to the London Hospital, in so far as they give with reasonable accuracy the cause of death, or state of health, if living. Owing to great faults in the clinical histories, some avoidable, others-the mnajority-inevitable, it is a work of time to obtain sufficient data for analysis, but my colleague, Dr. Douglas White (to whose collaboration in the arithmetical work of this paper I am much indebted), and I, hope to report fully on the results later. A " general hospital population," as I have attempted to show elsewhere [5] , differs markedly in many ways even from the urban working-class population from which it mainly comes, but its uses, at any rate for comparison, are considerable. I next turn to the results obtained when various arithmetical values are assigned to (1), (2), and (3). First of all I determined for the data of Table I [4] the coefficients for an unselected married population,2 assuming the correlation between parent and offspring to be 0A46 and taking (a) 1 in 5, (b) 1 in 10, (c) 1 in 15 of the population to be tuberculous. The results are tabled in Table III . Taking the mean coefficient of assortative mating in man to be 0 24 both for physical and psychical characters (Pearson, Weldon, Lee, Schuster and Elderton) [16, p. 22], we should infer that there is an appreciable but very slight degree of interconjugal infection, that this is a relatively inconsiderable factor in the genesis of the disease.
Were there no question of infectivity, the death-rate for phthisis would give us the prevalence at once, and 10 per cent. would certainly not be an under-estimate. Under the heading of deaths from phthisis, however, will be included, in addition to cases of relatively chronic disease, rapidly fatal cases-e.g., pneumonic phthisis and terminal infections. What we require to know is, I think, the prevalence of phthisis of the relatively chronic type such as furnishes the majority of sanatorium patients. Such cases with a duration from the onset of definite symptoms of between, say, one and six years might be regarded as possible centres of efficient infection, which is hardly the case when the duration of life from onset is a matter of weeks. A lower limit to the proportion of such cases is 1 in 273, the number estimated by Newsholme [12, p. 6.3] as occurring in the population at any given time. An upper limit cannot be given until we know the percentage of total phthisis deaths to be attributed to rapidly fatal and terminal infections. A point which requires careful statistical inquiry is the proportion of infective cases which recover and do not figure in the death returns of phthisis at all. Since the success of curative measures is known to depend on the stage at which treatment is initiated, these cases may not, perhaps, largely affect our problem. I then endeavoured to form some idea of the change produced by supposing a very much lower percentage of tuberculosis in the population. I rearranged Pearson's male pedigrees on the basis of 1 per cent. tuberculosis in the population and found, by the approximate method,' the correlation between parent and offspring to be 0'68, so that one would probably not be erring in the positive direction by taking 0 6 for the real value on this basis. The other constants necessary for determining the correlation in the general case were then calculated by Pearson's method, and finally I obtained, using the three values for males in Table I (4), 0 39, 0'48, and 0 47. I do not attach any special importance to these particular values, but they show how necessary it is to arrive at some really satisfactory understanding as to the prevalence of phthisis in a population before we dogmatize as to the relative parts played by infection and predisposition.
On the whole, it is fairly clear both from the work of Pearson and Pope, and from my own confirmatory results, that conjugal infection is probably a fact, but the steps by which this conclusion is reached may well give rise to discussion. The most obviously debatable point is, How far does the parental correlation, whether we take it to be 0'46 or 0 68, really measure the inheritance of a predisposition; how far does it simply measure infection from the parents? That, among the working classes, in view of the comparatively high modal age of incidence of phthisis, direct pulmonary infection is not an important factor may, as Pearson suggests [15], be considered probable. Indeed, even in the case of adults closely segregated some of the positive evidence is of ' As a test of the accuracy of the approximation applied to the Crossley material, I recalculated the correlation (by the approximate method) from Pearson's table as it stood and obtained 0-60, the correct value given by Pearson being 0 59 [15, p. 12]. doubtful value. Hamer [6] has, in my opinion, completely demolished the alleged proofs furnished by Cornet from the statistics of the Catholic nursing orders in Germany. This, however, does not settle the point, even if we could disregard the evidence adduced by Newsholme [12, p. 146]. We have to pursue the chances of infection ab ovo usque ad mala. Among those who hold the view that prenatal or congenital infection is of paramount importance in apparent]y inherited tuberculosis, there has been some difference of opinion as to the relative dangers of paternal and maternal infection. Klebs [9] , for instance, chiefly on the strength of some tolerably complete pedigrees, has inferred that paternal infection is ten times as dangerous as maternal disease. We have indubitably strong evidence, both clinical and experimental, that intrauterine infection does occur. Bugge [3] , Schmorl and Kockel [20] , and Schmorl and Birsch-Hirschfeld [19] have described cases of tubercular disease of the placenta and feetus in parturient subjects of the disease, the tubercle bacillus having been detected in the lesions.
In animals, Johne [8], Malvoz and Brouwier [11] have found tubercular lesions and bacilli in the feetal liver, both in the cow. Sanchez Toledo [18] , on the other hand, not to speak of other observers, inoculated thirty-three pregnant guinea-pigs, intravenously, intrapleurally, or subcutaneously, with virulent cultures of the tubercle bacillus, and an elaborate examination of the sixty-six offspring of these animals failed to reveal bacilli or lesions. Sanchez Toledo, while fully accepting the positive results of Johne, Malvoz and Brouwier, lays stress on the extreme rarity1 of congenital tuberculosis, and points out that the infection, when it does occur, shows no signs of latency, a contention strongly supported by the observations of Malvoz and Brouwier, and upholds the famous contention of Koch [10]: " In my opinion, hereditary tuberculosis finds its most natural explanation if we admit that it is not the infective germ which is transmitted, but certain peculiarities which favour the development of the germ when it is subsequently brought into contact with the body; this is what one calls predisposition." With regard to the question of latency, however, we must bear in mind the evidence collected by Newsholme [12, p. 74 ].
In favour of paternal infection the evidence is less convincing. Aubeau [1] claims to have found the tubercle bacillus in human semen, but the observation, would not appear to be decisive. In animals ' Schmorl and Geipel, however (Milnch. Med. Wochenschr. 1904, p. 1676), found distinct proofs of placental infection in nine cases out of twenty examined. They hold placental infection to be relatively common. tubercular lesions were induced by Jiickh [7] , who injected testicular substance obtained from phthisical persons. Recently, Friedmann [4] has reinvestigated the whole subject. He found in the literature twenty-two cas,es of tubercular infection by way of the placental circulation, and in twelve of these definite anatomical lesions were present; in thirty other cases such a mode of infection seemed probable. There were, however, only two recorded cases in which the foetus was tuberculous while the male parent alone was diseased. Friedmann injected bacilli into the vas deferens and testes; in both cases, if the animals were allowed to copulate within four weeks, bacilli were found in the resulting embryos. Intra-pulmonary injections gave negative results. It will be seen that while this kind of evidence renders the existence of congenital and prenatal infection probable, it affords no support to the views of Baumgarten [2] . In the absence of much more accurate statistics of prenatal and infantile pathology than we possess, it would be rash to hold that a congenital infection remaining latent for, on the average, fifteen to thirty years is at all a frequent event.
Lastly, we have to take into consideration the non-pulmonary tubercular diseases. These conditions are universally admitted to prevail extensively in childhood, and abundant proof is furnished by, for instance, Newsholme [12] and Prinzing [17] . I am not acquainted with any distinct statistical proof that non-pulmonary tubercle is more frequent among the offspring of phthisical persons than in the general population, but this is generally believed to be the case, and I will assume it to be true for the purposes of my argument. It is to be remarked at once that this greater frequency would only prove that infection is more important than predisposition if it could be shown that the excessive incidence only falls on children brought up with their parents, not on those segregated shortly after birth. The only possible way of settling this point would be by collecting data regarding the children adopted by the Poor Law or Education Authority and comparing them with those obtained from the corresponding class of the population.' The notorious difficulty of obtaining satisfactory family histories in this class may well dash the ardour of the statistician. We cannot, therefore, attribute decisive importance to one or other factor in this connection, but it is of interest to see what effect an increased percentage of offspring affected with non-pulmonary tuberculosis would have on our phthisis statistics.
The after-history of the tuberculosis of childhood has not been made the object of a sufficiently complete statistical inquiry. Either (1) the majority die, or (2) they sutvive with chronic tuberculosis, or (3) they recover completely. If (1) is true, we are exactly in the same case as before regarding pulmonary tuberculosis, i.e., without strong evidence that the factor of parental infection is specially important; but (2) and (3) give us more trouble. If the survivors of infantile tuberculosis exhibit an enhanced liability to suffer from phthisis, then the number of phthisical offspring of phthisical parents will be increased by persons whose condition may be due to parental infection during the years of childhood.
But we have no evidence that this is true; in fact the probabilities seem rather the other way. It would seem to be more in accordance with our modern notions of immunity to suppose that survival from a non-pulmonary tuberculosis would bave some prophylactic value in respect of subsequent pulmonary infection. Should this be the case we are confronted by a paradoxical state of affairs. In virtue of (let us suppose) parental infection in childhood, a percentage of the children of tuberculous parents are less easy to infect with pulmonary tuberculosis than the general population of children. The tendency of this would be to diminish the number of phthisical children of phthisical parents and thus to lower the correlation determined from an adult sample. Of course, even if this hypothesis be accepted-and I put it forward with the utmost diffidence-the ratio of children who have recovered from infantile tubercle to the rest of the children is, even in the families of tuberculous subjects, perhaps too small to affect our correlation values appreciably. My object in troubling you with this long discussion is simply to put forward the suggestion that, in the present state of knowledge, it is difficult to believe that the parental correlation of between 046 and 068 for pulmonary tuberculosis is not a measure of inherited predisposition rather than of parental infection.
In view of the important gaps in our statistical evidence it seems to me imperative to reserve final judgment. Our statistical data are as yet altogether inadequate. To mention one obvious blot, we are compelled to make classifications into phthisical and not-phthisical, while in order to solve our problem of infection versus predisposition we must obviously make some distinction between cases with and without expectoration.
It cannot seriously be disputed that efficient infection, as an experimental fact, depends on the dosage of infective material, and that, from this point of view, separation of our statistical data into two classes is not adequate.
More than forty years ago, at a time when belief in the heritability of tuberculosis was wider spread than now, Oesterlen [13, p. 403] judiciously pointed out tlhe need of caution in interpretating supposed statistical proofs. Even now, when one reads the very confident pronouncements of the laity, both affirmative and negative, one appreciates the force of Butler's remark-" What a wonderful incongruity it is for a man to see the doubtfulness in which things are involved, and yet be impatient out of action or vehement in it."
DISCUSSION.
The PRESIDENT (Dr. Newsholme) said the Section could congratulate itself on having had two papers which, although highly technical in character, had been very lucidly set forth. He would ask Dr. Ransome, who many years ago had done pioneer work in the subject of Dr. Brownlee's paper, to open the discussion.
Dr. RANSOME said it was embarrassing to be called upon to speak on a subject without having studied it before. But he considered both the papers very interesting. As the President had remarked, he had contributed papers to the old Epidemiological Society on the cause of epidemics and on the cause of the shape of the curve or epidemic wave. In that he had occasion to call attention to Dr. Farr's theory as to the gradual loss of power of transmission of disease after the lapse of a certain time and after it had gone through the bodies of a certain number of susceptible persons. He pointed out, however, that according to Pasteur the poison might, at certain points, be reinvigorated by being passed through the bodies of very young animals. And he thought he was able to show, in the diagrams which he brought before the Society at that meeting, that there were points in which that had actually taken place. When a number of years and the average of those years was taken one crossed out those little irregularities, but those little irregularities, the ripples on the waves, were themselves instructive; and he thought they pointed to the effect not only of that passage of the poison through very susceptible creatures, but also to the influence of external causes, such as the atmospheric changes. He once took the trouble to find out what would be the shape of a curve if one regarded an epidemic as a spark passing through some tinder paper, the tinder being likened to susceptible persons. The shape of the curve depended very much on the shape of the community through which the epidemic was speeding. The ordinary oblong-shaped community and that of towns were much of that shape, and would give a curve almost exactly like that of Dr. Farr-i.e., it would spread at first rapidly and rise to a point, and then come down just as gradually and symmetrically. Dr. Brownlee had shown that in different epidemics there remainied a very large population of susceptible persons who had never been attacked, and that therefore the curve could not be accounted for simply in the way which he had just explained. He thought, with Dr. Brownlee, that there must be something inherent in the germ and in the gradual taking away of virulence from it by its passage through the bodies of susceptible persons. That was the theory upon which Dr. Farr framed his formula. He remembered well the cattle-plague epidemic, and Dr. Farr's first contribution took the form of a letter to The Times. The curve followed the course which Farr forecasted in that letter. That was one of the first things which directed his (Dr. Ransome's) attention to epidemiology. Dr. Brownlee did not dogmatize on the point, but said there must be something to cause the epidemic to die out.
Dr. BUTLER said Dr. Brownlee's thesis was one which, on the face of it, explained much in the features of epidemics. But he thought something more in the way of definition was wanted of what was meant by " power of infectivity" than the author gave. They were asked to fall back on the variations of infectivity of the organism as explanatory of the course of epidemics. The infectivity of an organism was not anything existing per se, but was a correlate between the power of the organism to infect and the reaction in the host. It did not matter what degree of infectivity might be ascribed to an organism as measured by some constant if there were continuous variations in those who were infected. In other words, susceptibility was as much a measure of infectivity on the one hand as infectivity was of susceptibility on the other. He had considerable difficulty in understanding what Dr. Brownlee meant by the words, " The conclusion of an epidemic may be due to the exhaustion of susceptible persons among the population in the first place. In the second and third place, either a loss of infectivity on the part of the organism or of susceptibility on the part of the population is necessary." Loss of susceptibility on the part of the population seemed to be much the same as the exhaustion of susceptible persons. The exhaustion of susceptible persons was the same thing as the acquirement of insusceptibility on the part of the population itself; and that seemed one of the things which had to be borne in mind, because acquired susceptibility was one of the causes of the decline of an epidemic. Constantly, in scarlet fever, diphtheria, influenza, and small-pox, one found many cases presenting mild symptoms of those diseases. One would scarcely be justified in saying that those represented attacks. It was highly probable that they represented an invasion of the particular infection sufficient to create in those who came within range a degree of insusceptibility to an attack of the disease. And constantly in an epidemic one had diffusing themselves and protecting the population those modified attacks which created in the population a number of persons who were then susceptible to the disease. It was called the exhaustion of the soil. There was an acquired immunity keeping pace with the spread of the disease itself. It seemed also that in applying such an abstract mathematical method to the measurement of epidemics one had to make so many estimations, which corresponded to nothing found in the occurrence of epidemics, that the utility of it was most questionable. In order to get such a curve as that, which would represent the exhaustion of all susceptible persons, one had to assume an equally susceptible population exposed equally to an organism of constant infectivity. That was a condition which was never met with. Constant infectivity was obviously a thing which was not met with in practice, and still less so was constant susceptibility, because when such a disease as measles, for instance, was introduced into a family, certain members of the family would fall with it, and others would escape. These variations in incidence of attack might be accounted for by differences as to previous attack, age, constitution, or even hereditary liability to the infection: all those complex factors entered into the matter. Dr. Brownlee particularly excluded the influence of the medical officer of health and the other preventive agencies which were at work in controlling epidemics; but when one considered the last epidemic of small-pox in London, it would be a large draft on their credulity to believe that that epidemic of small-pox merely represented phases in the infectivity of the small-pox poison. They did know that small-pox was directly controlled as a result of the application of preventive measures which were a limitation purposively placed upon diffusion and upon the susceptibility. of exposed persons-factors which seemed to have been quite ignored in Dr. Brownlee's paper.
Dr. E. F. BASHFORD said: The purpose of Dr. Greenwood's paper appears to be to assert that inherited or natural "predisposition-" and "resistance" are at least of as much importance in determining the occurrence of tuberculosis as exposure to infection. These conclusions are stated with veiled caution only; since Dr. Greenwood scarcely suggests the unreliability of his primary data, and does not hesitate to push home the practical consequence of manipulating them mathematically as if they were absolutely reliable. If I am correct in the interpretation I put on the paper, then the result of the mathematical treatment of the data contradicts the results of experiments on animals, and those direct observations on man, which have aroused the conviction that tuberculosis is dangerous to the community mainly or solely because it is infectious. This contradiction appears to me to be of such serious import as to call for an emphatic protest from someone engaged in the experimental study of disease. I wish to emphasize that, of course, my criticisms do not refer to the mathematical method, but only to the value of the primary data on which Dr. Greenwood's conclusions are based. I recognize fully the existence of natural resistance and natural predisposition, although I attach more importance to the modifications they undergo under environment. I recognize fully the value and importance of statistical or mathematical treatment of biological data. Dr. Greenwood assumes the validity of his data, and I shall confine my remarks to a criticism of them. A statement as to the occurrence of tuberculosis in the parents of tuberculous patients is taken to be a criterion of inborn liability or resistance. This assumption appears to me to be quite unjustifiable, especially when also no attempt whatever is made to assign a value to environment and to dosage of infective material, both of which experiment has shown are factors of more moment than resistance. Any accurate meaning attaching to the terms ' resistance" and ' predisposition" has been conferred upon them by experiments made on animals. When applied to the human subject as interpretations of why individuals have acquired or escaped an infective disease, they become merely modern equivalents of the lore of ancient medicine, and for the most part have as much value as old wives' tales of this or that ailment ' being" or not being in the family." The practice of asking patients, before formulating diagnoses, "Has any other member of the family suffered from the same disease?" I regard as a survival of ancient superstition. The question is, as put, justified for the most part as little by knowledge of what constitutes scientific evidence of hereditary taint as it is actuated by accurate knowledge of the laws of infection. Nevertheless, the negative and at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from affirmative answers of patients play to-day an enormous part in influencing the diagnosis of, e.g., tuberculosis or cancer. Under the experimental conditions applicable to the study of communicable disease "resistance " and " predisposition " have acquired more precise significations, but they have lost correspondingly in importance. They have been shown to apply to purely .relative quantities. Their influence is restricted to producing slight variations above and below the average resistance revealed by inoculating large numbers of comparable animals of the same species with known quantities of the infective material. In the beginnings of bacteriology " resistance " and " predisposition " were frequently evoked to explain anomalous results. In the beginnings of experimental cancer research they played an equally prominent part. Sir John MacFadyean emphasized the insignificant part played by "resistance " in the case of bovine tuberculosis during a recent discussion before the Royal Society of Medicine. I may illustrate it for cancer by pointing out that certain carcinomata of mice which Ehrlich found were only able to overcome natural resistance in 1 out of 500 inoculations, we found able to overcome it in 100 per cent. of the inoculations. I need hardly add that little has since been heard of the hypothesis Ehrlich based upon his deductions as to the importance of natural resistance in this particular case. In short, we must recognize to-day that the importance assigned to "resistance " and "predisposition" diminishes in direct proportion with the accuracy and uniformity of the experimental conditions themselves. Under suitable conditions " predisposition " and " resistance" may be allowed for and even neglected. As a matter of fact, they are ignored in the employment of experimental (animal) tests for purposes connected with public hygiene-e.g., in the standardization of antitoxins and in the testing of milk for the presence of the tubercle bacillus. The nature and the dosage of the inoculated materials alone enter into consideration in such determinations. In estimating the importance attaching to natural resistance or predisposition to disease the last word rests of necessity with the experimenter. We all admire the brilliance of the hypothetical mathematical deductions which have been made in physical and chemical science, and which have been subsequently tested and proved to be true by direct observation and experiment; but, be it noted, the final tribune before which hypothesis, theory, and truth have been respectively escablished has been the appeal to experiment. I do not suppose that any one of those present to-night is prepared to invert the relative importance of mathematical deduction and experimental proof when applied to problems of biology. In interpreting statements as to the occurrence of tuberculosis in the parents of patients as records of inborn predisposition or resistance, I hold that Dr. Greenwood goes beyond his data. Further, the problem hefore us to-night is so formulated that an experimental investigation of its validity would require to be made on the human subject, and this is impossible. Although insoluble in the form stated, this problem has been long since restated by pathologists in a way which has rendered the objective investigation of the importance of the "soil" possible. The solution arrived at is devoid of ambiguity, as I have already said. The mere repetition, by pathologists, of experiments to demonstrate the relative unimportance of the "soil " and the prime importance of dosage of infective agents and of environment would be an unjustifiable undertaking. It rests not with pathologists to prove again that the results of experiment can be applied to man, but with Dr. Greenwood to produce an experimental demonstration of the truth of what he deduces mathematically, or an experimental refutation of the view that, from the standpoint of active measures in the interests of the public health, the germ is emphatically of more importance than the "soil." Before leaving the pathological basis of the paper I should like to draw attention to the one-sided nature of the literature quoted on what we loosely call congenital tuberculosis. The true state of our knowledge on this subject is not apparent from the narrative given in the paper. The significance of congenital tuberculosis is so fully elucidated that the facts do not justify the use made of the statements quoted.1 I should like further to draw attention to the relation which obtains as regards fatal and latent or obsolescent tuberculosis in the experience of the post-mortem room. This relation is well shown in the following table given by llarbitz,2 based on the post-mortem examinations made in the Rigshospidala, Kristiania. The curve of deaths due to tuberculosis rises for each quinquennial age period up to 25, where the deaths from tuberculosis were 46 per cent. of all deaths; thereafter the curve falls uniformly and rapidly to a minimum between 46 and 50, there being a subsequent rise between 60 and 70. The curve of latent and obsolescent tuberculosis shows exactly the opposite relation: it is lowest at 16 to 25, being then only 23 per cent. of total deaths, rises rapidly to 40 per cent. between 31 and 35, 60 per cent. between 55 and 60, and 77 per cent. between 66 and 70. It seems to me that in Harbitz' investigations and others like them we have additional evidence of the importance attaching to a long latent period in tuberculosis and to the study of comipleted lives. I do not find that this is taken account of by Dr. Greenwood, nor is there any evidence adduced as to the duration of wedded life or the proportion of widows and widowers. I now come to the validity of the actual data utilized. This is the kernel of the whole argument, since it is assumed that other pathological data I consider to be of prime moment in estimating the significance of the incidence of tuberculosis may be entirely overlooked, or, at any rate, need not be allowed for at all. The only data employed are the numbers of parents recorded as suffering from tuberculosis. These data show the most marked fluctuations not only from one institution to another, but as between the parents of the male and the female patients. 'For a recent discussion of this subject cf. Albien, " Untersuchungen fiber intra-uterine Tuberkulose Infection," Zeitschr. f. Tiermed., 1909, xiii, 2.
The excess of tuberculosis in the parents of the female patients means either an over-statement in their case or an under-statement in the case of the males. It is notorious that women generally take more interest in family history than men, and probably this is the explanation here, for we find the same variations in the data referring to the husbands and wives of the patients themselves. (These data are not used by Dr. Greenwood The latter figures are also, no doubt, influenced by the greater care devoted to the health of the husband, and by the fact that at marriage women drop out of the purview of the Krankenkassen. As regards different institutions, there are also variations, especially marked in the case of the husbands and wives of the patients, varying from no statement at all and from 1'5 per cent. to 109 per cent. in the case of the data for the certainly tuberculous. It is obvious that the data must be most imperfect. I, however, go further: they are also employed without regard to the restrictions the compiler himself has placed upon their utilization. It is pointed out in the report from which the figures are taken, "The preceding figures show a relatively very low proportion of males suffering from tuberculosis, chest disease, or other illness, as well as of children suffering from tuberculosis, chest complaint, scrofula, or other illness. It is necessary, in the first place, to take into consideration that they only give information as to the health of members of the family, up to a definite point of time-namely, up to the commencement of institutional treatment. Further, they have only the value of lowest estimates, since they are based entirely upon the statements of patients." The italics are in the original. Dr. Greenwood's data have little more than the value of hearsay statements, and it is a pity that he has considered them worthy of the very careful mathematical analysis to which he has subjected them. If the value of the data is so small, Dr. Greenwood has built upon them a mathematical house of cards, and, until he adduces something more cogent against the primordial importance of infection, those of us who have to work experimentally at disease will continue to place our faith in the results of methods requiring only the simplest arithmetic for their interpretation.
Professor KARL PEARSON, F.R.S., said his chief remarks would turn on one point in Dr. Greenwood's paper, about which he hoped to have heard more discussion-namely, the proportion or percentage of those subjects to pulmonary tuberculosis in the population. The President was cited as being the authority for using 1 per cent. He took it that the President meant by that percentage the number existing at any one time in the population. But the proportion really needed was an entirely different one-viz., the number which were recorded as having suffered from tuberculosis in, if possible, the completed lives of a family record. That was a far larger number than were suffering from tuberculosis at any one time. If a person at 25 years of age said that one or other of his parents had suffered from it, he had probably under consideration a period of some thirty years during which that parent might have suffered from tuberculosis. Granting on the average, as Dr. Newsholme had done, a threeyear infectious period, it would be clear that the modal thirty years corresponded to ten sets of cases, or that the value, 10 per cent., adopted by him, was precisely that which flowed from Dr. Newsholme's 1 per cent. of current tuberculosis. The best way of judging of the number of people who during their lifetime suffered from tuberculosis was to judge of the number who died from it. That must be a minimum of the number who during their life had suffered from tuberculosis. In this country, he believed, the proportion was roughly 10 per cent., in America 11 per cent., and in Germany higher still. In a number of records of middle-class families collected by Professor Pearson, where a large proportion of the younger members had not yet passed right through the danger zone, the tuberculous cases amounted to 5'5 per cent. to 6 per cent., showing that in the course of life a much larger number than 1 per cent. not only ran the risk of being tuberculous but did not escape the danger. Thus his percentage did not differ substantially from the President's 1 per cent. if they remembered that it applied to the number who some time during their life had suffered from tuberculosis. Everything which suggested that the records were taken at random really tended to weaken correlation rather than to strengthen it. The relationship between parent and child, even if one took that between father and child, amounted to 0'46 to 0O52 at a minimum; or, if Dr. Newsholme's 1 per cent. were taken, it came to the extraordinarily high value of 0O68. Now, the relationship of husband and wife was much more intimate than that of father and son, yet infection amounted to about 033, or, on the view of 1 per cent., to about 0'40. But why should the figures show such a more intimate relationship between father and son than between husband and wife if there were no constitutional factor? Far more figures were doubtless needed before coming to a dogmatic conclusion. Still, he thought something in the inherited constitution was really required to account for the drop between those two classes. There was another striking point, upon which also more light ought to be thrown-viz., if the tuberculous 033 was the measure of infection between husband and wife, why should we find almost the same value for the resemblance of husband and wife when studying their relationship in insanity? The figure in this latter case was 0-32. Should they assert that insanity was also an infectious disease ? That would be for medical men to settle; but this resemblance was in itself very significant. Elaborate statistics from sanatoria and hospitals for diseases of the chest were very much wanted; they ought to be furnished in as uniform a way as possible. It was surely desirable to ascertain whether, after all, there was not some constitutional influence, as well as infection, at the root of the disease. At present he had more than a hundred new pedigrees of tuberculosis, and this was the sort of material which required to be enormously increased by very careful investigation as to relatives. He could not conceive a more useful expenditure than an expenditure on looking at death certificates of the parents ju-8 and relatives of tuberculous people, if the position was really valid that one cannot accept what anybody says as to the causes of their relatives' deaths. All he suggested at present was that there might, after all, turn out to be something of importance with regard to the soil, and that they' could not quietly brush on one side such a great difference as there had been shown to be between the infection factor in husband and wife and father and son. He laid more stress on the relation between father and child than on that between mother and child in this matter, although there was little difference in the values of the statistical constants. Dr. DUDFIELD said Professor Karl Pearson had raised many points of great interest. During the last few months he (Dr. Dudfield) had had the opportunity of learning something of the value of family histories, in connexion with a dispensary for tuberculosis which had been recently opened in Paddington. On close inquiry being made into the family histories, it was surprising how many people were found to be tuberculous when medically examined, in whom the disease would not otherwise be suspected. He asked what was the criterion of proof in regard to the presence or absence of tuberculosis in husbands and wives. He felt that there was a large proportion of the population who were tuberculous, but did not know it. With regard to death certificates, valuable as they were for statistical purposes, he thought that under present circumstances they were apt to prove -somewhat misleading. To those who had business with such certificates it was known that a fair proportion of the deaths of persons, the subjects of phthisis, were recorded under some other heading. Therefore, the search among death certificates, alluded to by Professor Pearson, would not give him all the information he wanted. More information was required as to the family history over lengthened periods, and that could only be got by long-continued observation of the patients and their familiesfar more than could be given by any sanatoria. In Edinburgh for the past twenty years they had been keeping in close contact with patients, and in the case of one patient who had been attending they traced seventeen tuberculous relatives, not one of whom had any idea he or she was diseased.
Mr. UDNY YULE said he thought he could best occupy his time by putting in simpler form the problem put by Dr. Greenwood, avoiding coefficients of correlation. He would take the table given in the memoir by Dr. Pope and Professor Pearson. The first four lines of that table were said to refer to the general population, by which he thought was only meant the parents of patients in general hospitals. Of the wives of tuberculous husbands, 34 per cent. were tuberculous; of the wives of the non-tuberculous, 13 per cent. Taking the next five lines in the same table, regarding the parents of non-tuberculous offspring, 16 per cent. of the wives of tuberculous husbands were themselves tuberculous, and only 6 per cent. of the'wives of non-tuberculous husbands. The corresponding percentages, derived from the remainder of the table, for parents of tuberculous patients were 19 per cent. and 1 per cent. In each case there was a considerable excess in the percentage of the tuberculous amongst the wives of tuberculous husbands. That suggested infection; but, as Professor Pearson pointed out, similar figures were found where infection could hardly be assumed -for example, in insanity-and the same sort of result was obtained in cases other than disease. That was the puzzle. It was all very well to say that the data might be bad-everybody recognized that they might be bad but why should there be such similar results in the two cases? Professor Pearson gave another very interesting table in the memoir to which reference had beenmade, showing the similarity between the stock of the husband and wife. The result was that if the wife's stock was called tuberculous when there was at least one case of phthisis noted amongst any of her near relatives, and the husband's stock tuberculous when there was one case of phthisis amongst his near relatives, there was the same sort of similarity between the stock of the husband and the stock of the wife, when infection could not have come into play as between husband and wife, where there was believed to be infection. In fact, when the husbands' stock was tuberculous 40 per cent. of the wives' stocks was tuberculous; when the husbands' stock was non-tuberculous, only 17 per cent. If there was infection in the one case and not in the other, why were the results so similar ? He would like to add that Dr. Greenwood's conclusions did not appear to him so dogmatic as some speakers were inclined to think, but seemed to him a very impartial summary of the data.
Dr. BULLOCH said that as an experimental pathologist he took up a position midway between Dr. Bashford and the statisticians. He wished to remind the Section of the history of tuberculosis doctrines. At the end of the eighteenth century everyone believed that it was highly infective, and that people and their effects ought to be disinfected. In the first quarter of the nineteenth century, and largely through the enormous influence of Laennec, the infectious hypothesis came to be doubted, and in its place was set up the doctrine that consumption depends on some constitutional diathesis, people showing this diathesis or disposition being prone to contract the disease. Within a quarter of a century of Laennec's death so eminent a clinician as Sir Thomas Watson maintained that the disease cannot be imparted even by one scrofulous individual to another. The disease is not spread by contagion." In 1867, however, that acute and original observer, Dr. William Budd, of North Tawton, brought forward irrefutable evidence that tuberculosis is a zymotic disease of specific nature and " the tuberculous matter is (or includes) the specific morbid matter of the disease and constitutes the material by which phthisis is propagated," a view in complete harmony with the discoveries of Villemin and Koch. As a result of Koch's discovery, inquiries were set afoot on a very large scale in Germany, Austria, England, and America to determine the views of practical medical men on the subject. The results were extraordinarily disappointing. Few could affirm or deny the infectious theory. This is perhaps not surprising when one remembers that the date of the infection cannot be determined. The endemic character of tuberculosis in all civilized countries also renders the tracing of an individual case an impossibility. Lastly, there is the question of predisposition, for in all infections it cannot be doubted that there are two factors-the exogenic virus and the soil on which it lives. It seemed to him that, so far as man is concerned, the facts with regard to tuberculosis were by no means so certain as Dr. Bashford asserted, and he (Dr. Bulloch) considered that the lines along which Professor Karl Pearson and Dr. Greenwood worked were extremely hopeful in solving a problem on which the pathologist had not been able to shed much light. Dr. F. M. TURNER pointed out that a symmetrical epidemic curve would result if it is assumed that each case of disease remains permanently infective and the disease were to go on spreading until all the available material were used up. For the number of cases infected would bear a constant ratio to the chances of contact between a diseased and a healthy susceptible person. At the start there might be 10 per cent. affected and 90 per cent. unaffected: the chances of contact would be 10 by 90. The condition would be quite symmetrical at the fall of the outbreak when 90 per cent. had had the disease and 10 per cent. remained to be susceptible: the chances of contact would be 90 by 10. It is certain that such permanent infectivity does not take place in measles or small-pox, but not so certain in the case of scarlet fever. The infectivity rate of patients discharged from London hospitals after scarlet fever was about 3 or 4 per cent. What the rate would be for early cases was not known, but there is much evidence to indicate that it is not very high. Apart from the above special case he was willing to accept Dr. Brownlee's proof from mathematical considerations that ordinary epidemics did not cease for want of material, but from some other cause, such as diminution of infectivity. Many other considerations supported the above hypothesis. For instance, the endemic existence of scarlet fever, with its yearly rise and fall, could not be explained on the former assumption; nor could the number of persons in London susceptible to small-pox possibly be so low as 9,000, the actual number infected in the last epidemic. Nor could Dr. Turner accept Dr. Butler's argument that the vigorous measures taken by medical officers of health and others were the chief or even an important cause in the cessation of an epidemic. For after the first few cases, when perhaps the outbreak takes the authorities by surprise, the vigour of preventive -measures is just as great during the period of rise as later during the fall. Some years ago scarlet fever rose heavily every summer, and each summer for several years the isolation hospital failed to accommodate all the cases sent there. According to the theory that it was isolation among other measures which stopped the epidemic, when the hospitals could take no more, the rate should have gone up, but it actually went down every year the same as before.
Dr. HAMER said he sympathized with Dr. Bashford in his desire to know, however it might affect the correlation value, something more about the raw material upon which Dr. Greenwood had worked. He believed the forms which had been employed by the German sanatorium officials, and upon which the particulars had to be written in, allowed of the insertion of only two or three words upon this complicated and difficult question of family history. When one reflected that the information thus supplied was afterwards analysed and tabulated under some thirty different headings in the "Tuberculose Arbeiten," one realized that every stroke of the pen of the man compiling the return was, as Carlyle would have said, "significant of much." It was, moreover, not only a question of quantity but of quality also; for the main point which had to be determined was the very difficult one as to whether or no the patient's parents had suffered from a disease, now described and known by a name connoting all sorts of things, which no one dreamed of when the said parents were alive. There was, in fact, so little room for explanation and so much room for doubt as to the significance of the entries made that he (Dr. Hamer) was prompted to ask Dr. Greenwood, concerning his beautiful method of inquiry, the question which Mr. Babbage was asked by a young lady to whom he had exhibited his famous calculating machine-viz.: If you put the question in wrong, will the answer come out right ? He (Dr. Hamer) desired to say a word, too, with regard to environment. Dr. Greenwood spoke of the problem as one of infection versus predisposition. But were not both alternatives closely bound up with environment ? Taking predisposition first, this might, of course, be either inherited or acquired. If it was acquired (and Koch and many others attached little importance to inherited predisposition), the question of environment became all-important. Or, again, take infection. If infection were communicated by food, or by the operation of some unknown environmental agency, such as an intermediate host, environment again became all-important. It was instructive to contrast commonly accepted views concerning tuberculosis with those relating to a disease like typhoid fever. If one took any of the theories current with regard to the spread of typhoid fever, one would have to reckon, in discussing incidence upon husband and wife, with that factor of co-environment. Professor Pearson bad told them, moreover, that in such a condition as insanity co-environment played an important part. No one dreamed of attaching much importance to hereditary predisposition or to sputum infection in typhoid fever, but in that disease a high correlation value might easily be brought about by co-environment. If that were true of typhoid fever, why should the statisticians, in dealing with tuberculosis in husband and wife, limit themselves to the questions of hereditary predisposition and direct infection, and take no note at all of what some of those who were present that evening deemed to be wellnigh all-important-namely, co-environment ?
The PRESIDENT (Dr. Newsholme) said both papers were extremely interesting and valuable, and he was sure all would join in thanking the authors for them. Dr. Greenwood had stated his case extremely well; he had not been dogmatic nor come to definite conclusions, as he bad realized that the weight of the evidence would not bear such conclusions. The real difficulty, as in nearly all similar investigations, was with the data. These were almost hopelessly defective. In order to reach any correct conclusion with regard to marital infection, one would need to know three sets of facts: (1) At what date after marriage one of the partners became tuberculous; (2) for how long a time afterwards the marriage connexion continued; and it was, thirdly, of the utmost importance to know the whole of the subsequent life-history of the surviving partner. The third factor was, he believed, absent from the figures with which Professor Pearson worked, and it was certainly absent from the figures with which Dr. Greenwood worked. Therefore any conclusions based upon such imperfect data must be tentative; and, in fact, it was doubtful if any conclusion was justified, particularly if it ran counter to pathological and medical knowledge. Such an investigation took a microscopical view of the subject, and it was necessary to take also a macroscopical view in order to arrive at the truth. Dr. Bashford had brought that out in a very forcible manner. Experimental evidence made it clear that one could produce tuberculosis in animals by infection, and that in a given species of animals one rarely found very great variations of susceptibility or resistance, and that the occurrence of the disease was determined chiefly by the dosage of infection and by the duration of those doses. Furthermore-.and that was a point which should commend itself to those who, like Dr. Bulloch, seemed somewhat incredulous as to infection being the main factor-they should look at veterinary experience. With certainty tuberculosis could be eliminated from a herd of cattle, and they could be kept free from it, not by diminishing susceptibility or increasing resistance, but by removing the affected members of the herd, by disinfecting the cowsheds, and by preventing the importation of fresh infected animals. He maintained that the history of tuberculosis in this and other countries was quite consistent with the view that as the opportunities for human infection had decreased, so had the total mass of human tuberculosis declined. The diminution of overcrowding, and the better housing of the people, had acted in a large measure by diminishing the opportunities of infection; and, still more, the enormous increase of the institutional treatment of the poorest class of advanced consumptives in infirmaries, &c., had been an important factor in the same direction. In the light of pathological and epidemiological experience, mathematical deductions would require to be based on data which were both complete and accurate before they could successfully controvert the conclusion to which all other lines of evidence converged.
Dr. OWEN PETERS wrote as follows: In the course of his valuable paper
Dr. Brownlee has made certain references to a paper read by me at the beginning of this session, and has also touched upon various points there discussed, with regard to which I should like to make some further remarks, after acknowledging the obligation which all interested in epidemiological work must feel they are under to Dr. Brownlee as practically the first to institute a thorough investigation into the principles governing the rise and fall of epidemic curves. It is interesting to see that he has advanced a step further than in his first paper and has admitted an alternative explanation of the behaviour of the typical curves-the possible influence of decrease of susceptibility of the population. It seemed difficult to bind down the whole question of epidemic explosions to one phenomenon alone-that of alteration in the infectivity of the organism. Dr. Brownlee has not, however, given a hint as to the possible nature or cause of the suggested decrease in susceptibility of the population; as to whether, e.g., in diseases with annually recurring epidemics it is due to a periodic variation in the resistance offered by the general population. But apart from this there still seems to be a considerable part played by complete or partial exhaustion of susceptible persons, at any rate in individual houses or groups of houses, in the case of diseases such as measles and diarrhzea, which so often make a clean sweep of all before them. These limited explosions, although small, must yet have some influence upon the composite curve for a whole town, and to that extent, and perhaps from quite a number of other causes, the curve must be expected to be asymmetrical. Again, if the reader of the paper is rightly understood, he divides the whole population by a sharp line into susceptibles and insusceptibles. But the question arises, Is not immunity largely a comparative matter, the chance of attack depending on the relative highness of infectivity over the highness of the resistance offered, there being, theoretically speaking, few persons who would not succumb to a sufficiently virulent attack ? In that case a dividing line is out of the question, or its position depends wholly upon the relative strength of the conflicting forces. When, then, an epidemic outburst occurs in a limited population, it might be supposed that the disease would first advance very rapidly owing to the plentiful material provided by the more susceptible persons. But as these are weeded out the progress amongst the less susceptible becomes progressively slower and more difficult. The outbreak, however, will not collapse here, for with the large amount of infective material now present, and the gentle gradient up to the still more insusceptible cases, it is still able to gather in a few but gradually decreasing number of these, the epidemic curve so produced tailing out to nothing in the gradual fashion of the theoretical curves exhibited. If, however, the virulence of the particular strain were very great, or the susceptibility very low, the whole of a limited population might be attacked, and in that case the curve would certainly have an abrupt fall. Again, where the epidemic potential was only sufficient to bring about the attack of a part of the population, for the strength of that particular strain it would still be legitimate to say that the epidemic in question ceased from the lack of susceptible persons. With regard to the suggestion as to the dual character of the diarrhcea curve, I have for some time been keenly following up the possibility of a double hump in the epidemic curve pointing to the existence of two allied diseases. The question, however, for lack of more particular facts, must be viewed on broad lines, for quite a number of diseases present this tendency. The epidemic curve of measles in England and cholera in Bengal form a curious parallel in this matter, both having a double hump produced apparently by the same cause, the indentation due to the arrival of mid-winter. In both the first hump is sometimes lacking, while at other times the second hump is lacking. It was suggested in the paper that an occurrence something like this in diarrhoea was evidence of the presence of two diseases. But there are other reasons, which I cannot enter into now, for believing that these are not double diseases, any more than plague, scarlet fever and diphtheria, which also exhibit similar appearances. It is true that diarrhoea in hot, long summers abroad does present this appearance in one or two instances, but in British records, of which I have studied several hundreds from the various large towns, no doubling of any account was found which could not be referred to a second upward movement of the temperature. As regards diarrhoea, there are two things of which I feel perfectly convinced: firstly, that both in small foci and in large towns a constant inherent tendency to an explosive curve of a certain symmetrical form is found; secondly, that the influence of temperature, however, exerts a powerful control over the form of the curve, distorting it greatly or, even if sufficiently low, suppressing the epidemic wave altogether (as in Edinburgh, 1907). The second rise in the London curves for 1895, 1900, and 1892, and that of Glasgow for 1905, were all preceded, the usual fortnight before, by upward movement of the temperature, near to or above 600 F. An allowance must always be made for epidemic exhaustion, which the curve invariably exhibits if, after the acme is reached, the temperature continues high for several weeks more. The presence of these other factors, however, although adding complexity, in no way detracts from the truth of the inherent principles which Dr. Brownlee has demonstrated and which he will no doubt develop to a still more interesting extent.
